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Summary. The Stannius bodies of killifish and goldfish were ultrastructurally 
investigated after exposure of the fish to media of different osmolality and 
calcium content. In both species two structurally different secretory cell types 
are found. Type-1 cells predominate. They contain an extensive granular 
endoplasmic reticulum, some large Golgi areas, and secretory granules with a 
mean diameter of about 0 .4 \im. These cells are activated by transfer of 
freshwater fish to seawater, but not by transfer to low-calcium seawater. Type-2 
cells often contain cytoplasmic processes that penetrate between the type-1 cells 
and are ending on the basal lamina. In this contact area granule release takes
1
place. Type-2 cells contain some strands of granular endoplasmic reticulum, 
several small Golgi areas, and secretory granules with a mean diameter between 
0.15 and 0.20 j.im. Type-2 cells are not activated after transfer of fish to seawater. 
In killifish seawater exposure leads to a reduction of type-2 cells. The differences 
between the reactions of both cell types to different media point to functional 
differences between their secretory products. Type-1 cells may produce a 
hypocalcemic factor. It is concluded that type-2 cells are typical for freshwater 
fish or euryhaline fish spending part of their life cycle in freshwater. The proper 
function of these cells is unclear.
Key words: Stannius bodies -  Secretory cell types -  Teleosts (Fundulus, 
Carassius) -  Ultrastructure.
The Stannius bodies in teleost fish are small endocrine glands associated with the 
kidneys. In some teleost species these bodies have been reported to contain two 
secretory cell types of presumed endocrine nature (Krishnamurthy and Bern 1969; 
Wendelaar Bonga and Greven 1975; Meats et al. 1978). Ultrastructurally, the 
predominant cell type is characterized by large secretory granules, and has been 
designated as type-1 cells in sticklebacks and eel (Wendelaar Bonga and Greven
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1975). The other cell type, referred to as type-2 cells in sticklebacks and eel, contains 
granules of distinctly smaller size (Wendelaar Bonga and Greven 1975). In the 
Stannius corpuscles of other teleosts only one cell type has been described, which 
shows a resemblance to the type-1 cells of sticklebacks (Ogawa 1967; Cohen et al. 
1975; Wendelaar Bonga and Greven 1975).
Stannius corpuscles are involved in the endocrine control of calcium 
metabolism (Krishnamurthy 1976). Surgical removal of the glands, a procedure 
performed successfully only in a small number of species, invariably leads to a rise 
in plasma calcium levels (Fontaine 1964; Ogawa 1968; Pang 1973; Wendelaar 
Bonga and Greven 1978). Injections of homogenates of the Stannius bodies, or 
reimplantation of the glands, have a hypocalcemic effect (Fontaine 1964: Panget al. 
1973, 1974: Leung and Fenwick 1978). A glycopeptide with hypocalcemic activity 
has been isolated from the Stannius bodies of salmon (Ma and Copp 1978). The 
hypocalcemic substance is likely secreted by the cells producing large secretory 
granules (type-1-like cells) as these cells react to changes in ambient calcium 
concentrations (Cohen etal. 1975; Wendelaar Bonsaetal. 1976; Meats et al. 1978).
Ultrastructural examination of the Stannius bodies in sticklebacks, eel and 
trout has shown that cells with type-2 characteristics do not respond to changes in 
the external calcium concentration (Wendelaar Bonga etal. 1976; Meats etal. 1978; 
Olivereau and Olivereau 1978). However, type-2 cell activity in sticklebacks is 
enhanced by transfer from seawater to freshwater. It is reduced by a rise in ambient 
sodium and potassum levels (Wendelaar Bonga et al. 1976). Thus, type-2 cells may 
participate in hydromineral regulation in freshwater. In this respect it may be of 
significance that in the Stannius bodies of all stenohaline seawater species examined 
so far with the electron microscope, type-2-like cells appeared to be absent 
(Wendelaar Bonga and Greven 1975; Bhattacharrya and Butler 1978). Contrast­
ingly, the presence of type-2-like cells has been reported for most freshwater species 
or euryhaline species spending part of their life cycle in freshwater. In two of such 
species, goldfish (Ogawa 1967) and the euryhaline killifish Fimclulus heteroclitus 
(Cohen et al. 1975), only cells with type-1 characteristics have been described. The 
present paper reports the results of an ultrastructural reinvestigation of the 
Stannius bodies of goldfish and killifish. Before examination, the fish were adapted 
to media of different calcium content and osmolality, since in sticklebacks both cell 
types of the Stannius bodies are distinguished by characteristic responses to 
exposure of the fish to such media (Wendelaar Bonga et al. 1976).
Materials and Methods
Adult specimens o f  male killifish (Fimdulus heteroclitus) and o f  male and female goldfish (Carassius 
auratus) were obtained from commercial dealers. They were kept for at least two m onths  in the 
laboratory  in freshwater tanks at 15CC (killifish) or  20 C (goldfish). Some fish were adapted  to full 
strength (killifish) or 30%  (goldfish) artificial seawater. The calcium concentrations o f  these seawater 
solutions were either 10 mmol/liter (normal seawater) or 0 .6 mmol/liter (low-calcium seawater). The 
glands o f  4-6  specimens per group  were examined.
The Stannius bodies were removed after anesthetization o f  the fish in a MS 222 solution and were 
prefixed in cacodylate buffered (0.1 M: pH 7.4) 3%  glutaraldehydc soltuion for 15min at room 
temperature. The glands were fixed in a similarly buffered solution o f  1 % osmium tetroxide, 1.5°,, 
glutaraldehyde. and 2 .5%  potassium dichromate, for 1 h at 0 C. The glands were block-stained in 1 %
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uranyl acetate and embedded in Spurr’s resin. Ultrathin sections were poststained with Reynolds' lead 
citrate. For determination of  size distribution of  the secretory granules, diameters were measured of  200 
randomly selected granules of each cell type (50 granules per cell type per fish ) from the Stannius bodies 
of  4 specimens o f  each species. The measurements were made on electron micrographs at a final 
magnification o f  x 13,000. The ratio o f  type-1 and type-2 cells was estimated by determination of the 
ratio o f  nuclei of type-1 and type-2 cells in electron micrographs representing areas of  about 2,000 f im2 
per fish in 6 specimens o f  both species.
Results
The Stannius bodies of killifish and goldfish consist oflobes of gland cells separated 
by connective tissue and blood vessels. In the lobes of both species two types of 
gland cells are distinguished, on the basis of differences in cell structure. They are 
referred to as type-1 and type-2 cells.
Freshwater Fish. Type-1 cells contain secretory granules varying in diameter from 
0.1 to 0.6|.im (mean diameter: 0.35j.tm: Figs. 1, 5a). These cells are oval or 
elongated in shape, usually with their long axis perpendicular to the basal lamina 
surrounding the lobes. The cytoplasm contains some mitochondria and a well 
developed granular endoplasmic reticulum, represented by membrane arrays or 
single strands. A Golgi area is usually present. In an occasional Golgi area, the 
saccules contain electron dense presecretory material. In some Golgi areas one or 
more small electron dense granules are present, which are considered as 
presecretory granules. Their diameters are well below those of the secretory 
granules found in other parts of the cells (0.1-0.2 jim). Clear signs of granule release 
do not occur.
In between the type-1 cells, structurally different gland cells are present (Fig. 2). 
These type-2 cells are less prominent than the former cell type, comprising 
approximately 20 % of the total population of gland cells. Some type-2 cells are oval 
in shape, but many others are elongated and narrow, wedged between type-1 cells. 
Like the former cell type the long axis of these cells is usually orientated 
perpendicular to the basal lamina. Other type-2 cells are located in the central parts 
of the lobes, with two or more long cytoplasmic processes penetrating between 
type-1 cells. Many of these processes are expanded along the basal lamina (Fig. 3) 
and some contain accumulations of secretory granules. The granular endoplasmic 
reticulum in type-2 cells is arranged in small strands and vesicles dispersed 
throughout the cytoplasm. Small Golgi areas are found in all parts of the cells. The 
presecretory granules in the Golgi areas are slightly smaller than those of the type-1 
cells. The diameters of the mature secretory granules are significantly smaller than 
those of the type-1 cells. Their diameter seldom surpasses 0.25 jim (Fig. 5a). The 
granules contain an electron dense core, separated from the limiting membrane by 
an electron translucent halo. In many granules the cores are very small and a- 
centrically located (Fig. 3). This phenomenon may be attributed to dissolution of 
part of the granule contents during the fixation procedure. Indentations of the outer 
cell membrane, suggestive of granule release by exocytosis, are occasionally found. 
They only appear in the areas contacting the basal lamina.
Fig. 1. Stannius body o f  freshwater adapted killifish. Tvpe-1 cells (/- /)  contain many large secretory 
granules; presumptive type-2 cells (t-2) are found between the type-1 cells
Fig. 2. Stannius body o f  freshwater adapted killifish. A type-2 cell (t-2) contains many small granule; 
and a small Golgi area (Go); t-l type-1 cells
Fig. 3. Stannius body o f  freshwater adapted killifish. Between type-1 cells (/- /)  cytoplasmic cell 
processes o f  type-2 (t-2) are present that are expanded along the basal lamina (hi): the small secretory 
granules in these processes contain dense cores o f  reduced size (arrows)
Fig. 4. Extensive Golgi field in a type-1 cell in a Stannius body o f  seawater adapted killifish. The Golgi 
saccules contain electron-dense presecretory material (p) and are surrounded by many small vesicles (v). 
The membranes o f  dense-cored presecretory granules (pg) are continuous with some of the small vesicles 
(arrows), which suggests that the small vesicles contribute to the growth o f  the presecretory granules. 
Note the extensive granular endoplasmic reticulum (ger).
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Fig. 5a and b. Size distribution of 
secretory granules of  typc-1 cells 
(open heirs) and type-2 cells 
{mottled heirs) o f  Stannius bodies 
of  freshwater killifish (a) and 
goldfish (b)
Seawater Fish. In seawater adapted fish, type-1 cells show signs o f  high secretory 
activity. Compared to freshwater fish, granular endoplasmic reticulum is more 
extensive, covering most of the cytoplasm. The enlarged Golgi areas contain more 
presecretory granules and are surrounded by numerous small clear vesicles (Fig. 4). 
Mature secretory granules are less numerous than in cells of freshwater fish. 
Indications for granule release by exocytosis, like indentations of the outer cell 
membrane and presence of small clear vesicles in cytoplasmic areas in contact with 
the basal lamina, are occasionally observed.
The type-2 cells are small and inconspicuous. Cytoplasmic processes with 
endings expanded over the basal lamina are less common than in the corpuscles of 
freshwater fish. In the small Golgi areas presecretory granules are scarce and 
electron dense material confined within the Golgi saccules is hardly present. 
Indications for granule release are seldom found. Thus, compared to freshwater 
fish the secretory activity of the type-1 cells is obviously enhanced, that of type-2 
cells may be reduced.
Low-calcium Seawater Fish. After adaptation of killifish to low-calcium seawater 
the type-1 cells are structurally similar to those o f  freshwater fish. The type-2 cells 
are similar to those from regular seawater (Fig. 6 ).
Goldfish
Freshwater Fish. As in killifish, the type-1 cells predominate in goldfish. They are 
oval to polygonal in shape, and contain many large secretory granules (mean 
diameter: 0.45 fxm; Figs. 5 b, 7). The granular endoplasmic reticulum is arranged in 
small arrays or isolated strands. The Golgi areas are small and they only seldom 
contain dense-cored presecretory granules. The Golgi saccules are surrounded by 
many small clear vesicles.
b: Carassius auratus
Fig. 6. Stannius bodies o f  killifish adapted to low-calcium seawater. In the type-1 cells (/- /)  granular 
endoplasmic reticulum (gcr) is scarce; t-2 cytoplasmic processes of  type-2 cells; Gci Golgi areas
Fig. 7. Type-1 cells of  a Stannius body of  freshwater goldfish. The cytoplasm contains many large 
secretory granules, strands of  granular endoplasmic reticulum (gcr) and a small Golgi area (Ga)
Fig. 8. Cytoplasmic processes o f  type-2 cells ( t-2) surround globular type-1 cells (/-/):  in the type-2 cells 
secretory granules are scarce (arrows)
Fig. 9. Ending of  a cytoplasmic process o f  a tvpe-2 cell {t-2), containing small secretory granules; t-1 
type-1 cells; ct connective tissue; rbc red blood cell
Fig. 10. Golgi area o f  a type-2 cell; arrows presecretory granules.
Fig. 8-10. Stannius bodies of  freshwater goldfish
Fig. 11. Stannius bodies o f  seawater goldfish. Polygonal type-2 cells ( t-2), containing some secretory 
granules {arrows), are present between type-1 cells (/- /)  with extensive granular endoplasmic reticulum
{ger)
Fig. 12. Stannius body o f  goldfish from low-calcium seawater. The tvpe-1 cell (t-1) is small and contains 
isolated strands o f  granular endoplasmic reticulum and a small Golgi area (Ga): t-2 type-2 cell, 
containing small secretory granules {arrows)
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Type-2 cells make up 20 to 30% of the total number of gland cells. They are 
elongated or polygonal in shape (Fig. 8 ). Many of the type-2 cells contain long 
cytoplasmic processes that penetrate between the type-2 cells and are ending on the 
basal lamina (Fig. 9). The secretory granules are small (mean diameter: 0.18 |am; 
Fig. 5 b), and are scarce in many cells. Throughout the cytoplasm, small strands and 
vesicles of granular endoplasmic reticulum occur. Several Golgi areas are usually 
present. They show many small clear vesicles, and an occasional presecretory 
granule (Fig. 10). Indentations of the outer cell membrane, characteristic for 
exocytosis, are occasionally observed.
Seawater Fish. Exposure of goldfish to 30 % seawater for three weeks leads to slight 
degranulation of the type-1 cells. These cells are enlarged and the granular 
endoplasmic reticulum has extended markedly. Large arrays are present in most 
cells (Fig. 11). In the extensive Golgi areas presecretory granules are common, as 
are small clear vesicles. Phenomena indicative of granule release, clear vesicles and 
coated membrane indentations characteristic of membrane retrieval following 
exocytosis, are common. In the type-2 cells no changes are noticeable.
Low-Calcium Seawater Fish. Exposure of seawater adapted goldfish for three 
weeks to low-calcium seawater leads to inactivation of type-1 cells. The structure of 
these cells is similar to that of freshwater fish. The large arrays of granular 
endoplasmic reticulum characteristic for type-1 cells of fish from regular seawater 
have disappeared and the extensive Golgi fields are reduced in size (Fig. 12). The 
structure of the type-2 cells is unchanged.
Discussion
In the Stannius bodies of the three species studied, two structurally different 
secretory cell types are present. The ultrastructure of both cell types is similar to that 
of cells denoted as type-1 and type-2 in the Stannius bodies of sticklebacks 
(Wendelaar Bonga et al. 1976). This terminology is therefore adopted for the 
species studied in this investigation. In earlier studies on killifish (Cohen et al. 1975) 
and goldfish (Oguri 1966; Ogawa 1967) type-2 cells have escaped attention. This is 
understandable since granules of the size typical for type-2 cells are also present in 
type-1 cells, mainly as presecretory granules. Oguri (1966) distinguished between 
two cell types in the Stannius bodies of goldfish, on the basis of the relative amounts 
of granular endoplasmic reticulum. Since both types contained large secretory 
granules, and intermediate types of cell were present, the occurrence of different 
“ types” was attributed by the author to differences in the functional state of the 
same cells (type-1 cells in our classification). The cell types distinguished in our 
investigation show marked differences in cell shape, granule size, and Golgi system. 
Cells that could be interpreted as transitional types were not found. It is therefore 
unlikely that type-1 and type-2 cells are phases in the secretory cycle of a single 
functional cell type.
The majority of the small secretory granules in type-2 cells undoubtedly
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represent mature granules, because they are stored and released in cytoplasmic cell 
processes. The specific nature of both cell types is most convincingly demonstrated 
bv the differences in their reaction after transfer of freshwater fish to normal 
seawater or low-calcium seawater. Production and release of the granules of both 
cell types are likely controlled by different stimuli, suggesting functional differences 
between the factors produced in both cell types.
Cells with a type-1 structure -  ovoid cells with large arrays of rough 
endoplasmic reticulum, producing granules with a mean diameter varying from 
about 0.3 to 0.5 jim -  predominate in the Stannius bodies o f  all species studied in the 
electron microscope (Krishnamurthy and Bern 1969; Hiroi 1970; Tomasulo et al. 
1970: Carpenter and Heyl 1974; Wendelaar Bonga and Greven 1975; Youson and 
Butler 1978; Bhattacharyya and Butler 1978; Meats et al. 1978). The type-1 cells of 
the fish studied in this investigation proved to be more active in specimens adapted 
to diluted or full strength seawater than in freshwater fish, which confirms earlier 
reports on these species (Ogawa 1967; Cohen et al. 1975). This difference was also 
observed in the type-1-like cells of other species investigated by electron microscopy 
(Carpenter and Heyl 1974; Wendelaar Bonga et al. 1976; Meats et al. 1978). The 
high activity of these cells in seawater is apparently due to the high calcium 
concentration of seawater, since they are inactive after exposure to low-calcium 
seawater as shown in this study. Our results provide further evidence that type-1 
cells are the site of production of a hypocalcemic factor, as demonstrated earlier in 
Stannius bodies of several teleost species (Pang et al. 1973, 1974; Bailey and 
Fenwick 1975; Ma and Copp 1978).
In killifish and goldfish the type-2 cells are polygonal cells with dispersed 
strands of rough endoplasmic reticulum and secretory granules with a diameter of 
about 0.15 \xm. Cells with the same characteristics are known in rainbow trout (C2 
cells, Krishnamurthy and Bern 1969; Meats et al. 1978), guppy (“atypical cells", 
Tomasulo et al. 1970), eel and sticklebacks (type-2 cells, Wendelaar Bonga et al. 
1976).
Unlike type-1 cells, type-2 cells in the species investigated were not activated 
after transfer from freshwater to seawater. There were even indications for a 
reduction of the secretory activity in killifish, a reaction observed before in the type-
2 cells of sticklebacks (Wendelaar Bonga et al. 1976) and in the type-2-like C2 cells 
of trout (Meats et al. 1978). In this repect it is of significance that all species with 
type-2-like cells are freshwater fish oreuryhaline fish spending part of their lifecycle 
in freshwater. Furthermore, no freshwater teleost species is known at present 
without a type-2-like cell type in the Stannius bodies. However, in the Stannius 
bodies of the stenohaline seawater species studied ultrastructurally sofar -  viz., 
plaice, cod (Wendelaar Bonga and Greven 1975), toadfish (Bhattacharyya and 
Butler 1978), dab, grey gurnard and mackerel (our unpublished observations) -  
only type- 1 -like cells have been found. Our unpublished observations on toadfish 
support the conclusion of Bhattacharyya and Butler (1978) that the cells described 
by these authors as type II cells represent a phase in the secretory cycle of the type I 
cells. Thus, the possibility needs consideration that type-2 cells produce an 
endocrine factor that facilitates survival in freshwater. The proper function of this 
factor is unknown, but it seems to be involved in hydromineral regulation.
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